Myoepithelial cells from mammary glands, the modified sweat glands of bovine muzzle, and salivary glands have been studied by electron microscopy and by immunofluorescence microscopy in frozen sections in an attempt to further characterize the type of intermediate-sized filaments present in these cells. Electron microscopy has shown that all myoepithelial cells contain extensive meshworks of intermediate-sized (7-11-nm) filaments, many of which are anchored at typical desmosomes or hemidesmosomes. The intermediate-sized filaments are also intimately associated with masses of contractile elements, identified as bundles of typical 5-6-nm microfilaments and with characteristically spaced dense bodies. This organization resembles that described for various smooth muscle cells. In immunofluorescence microscopy, using antibodies specific for the various classes of intermediate-sized filaments, the myoepithelial cells are strongly decorated by antibodies to prekeratin . They are not specifically stained by antibodies to vimentin, which stain mesenchymal cells, nor by antibodies to chick gizzard desmin, which decorate fibrils in smooth muscle Z bands and intercalated disks in skeletal and cardiac muscle of mammals. Myoepithelial cells are also strongly stained by antibodies to actin.
highly contractile cells, some of which are stimulated by special hormones, and seem to function in a manner similar to true muscle cells . On the other hand, unlike muscle cells, they are not mesenchymal components or derivatives but are true epithelial cells that grow together with other epithelial cells and are permanently separated from the connective tissue by the basal lamina (3, 8 ; for an extensive review of normal and disordered states of various types of myoepithelial cells see reference 36 ) . Myoepithelial cells have been described in secretory alveoli and in ducts ofvarious glands such as the sweat and odor glands of the skin (for reviews see references 14 and 51), lacrimal glands, the Harderian gland (for references, see reference 9), the various types of salivary glands (59, 72 ; for a review see reference 80) , and mammary glands . In the lactating mammary gland, where they are especially frequent, they have been extensively studied both with respect to their morphology and function, especially the oxytocin-induced contraction important for milk let-down (61, 63, 74) , and with respect to their differentiation, maintenance, and changes during lactation and involution (5, 37, 43, 53-57, 69, 75) . Myoepithelial cells show an organization reminiscent of that observed in smooth muscle cells. They contain large amounts of actin-containing microfilament bundles, as well as tropomyosin and myosin (2, 12, 15, 30) , "dense bodies" (56, 57) , and endocytotic vesicles (37, (54) (55) (56) (57) .
Of particular interest in these cells are the intricate networks of filaments of intermediate thickness (7-11 nm) that morphologically resemble the arrays ofthe 10-nm filaments described in smooth muscle (56, 57 , this study). Such intermediate-sized filaments in smooth muscle cells have been shown to contain one major protein of apparent molecular weight 50,000-55,000 which is called "desmin" (44) (45) (46) (47) or "skeletin" (62) . This protein has been located in fibril arrays of smooth muscle cells in situ and in vitro (11, 16, 47, 62) , in postmitotic myoblasts and myotubes of skeletal muscle (6, 16) , in cultured cardiac muscle cells (44) , and in the intercalated disk-associated filaments of isolated cardiac myofibers (47) and frozen sections of heart tissue (cf. reference 25) . It has also been reported in subsurface plaques and in the Z lines of skeletal and cardiac muscle (44) (45) (46) (47) . We and others have recently shown that a great diversity of epithelial cells, including normal and transformed cells in culture, are characterized by extensive arrays of intermediate-sized filaments that contain preker- 63 4 THE JOURNAL OF CELL BIOLOGY " VOLUME 84, 1980 atin-like proteins ("cytokeratins" ; 19-21, 23, 24, 26-28 ; cf. references 29, 52, 70, and 71) . Also, various epithelial cells growing in culture contain a third type of constitutive filament protein of 57,000 mol wt ("vimentin," 25 ; cf. references 23 and 28) . This third type of intermediate-sized filament is the major, if not exclusive, class of filaments found in most nonmuscle mesenchymal cells (24; see also references 6, 25, 27, 34, 38, 40, 49, 66, 68, and 71) .
In our study we have been concerned with elucidating the nature of the intermediate-sized filaments in myoepithelial cells, using immunofluorescence microscopy and electron microscopy . We show that the predominant (or exclusive) intermediate-sized filaments present in myoepithelial cells are of the prekeratin type and that desmin filaments are not detected in these cells. These observations show that the myoepithelial cell, although it is functionally analogous to a smooth muscle cell, is the product of a true epithelial differentiation different from myogenic differentiation. Our observations also suggest that keratinlike filaments might function in contractile epithelial cells in a manner similar to that ofthe desmincontaining filaments in true muscle structures .
MATERIALS AND METHODS

Materials
Lactating mammary gland tissue from rats (Sprague-Dawley) and cows (Holstein) was obtained as previously described (10, 22, 41, 81) . Small pieces of internostril skin tissue from the muzzle of freshly killed calves and cows were similarly excised .
Small pieces of salivary glands (glandula submandibularis and glandula parotis) and muscle-containing tissue (heart, large leg muscles, small intestine, and uterus wall) were taken from rats .
Tissue pieces were either fixed for electron microscopy or directly frozen in isopentane cooled with liquid nitrogen and processed for immunofluorescence microscopy .
Electron Microscopy
Mammary gland tissue was fixed and processed for electron microscopy of ultrathin sections as previously described (22, 81) .
The other gland-containing tissues were similarly fixed, embedded, and sectioned .
Antibodies
For indirect immunofluorescence microscopy, the sections were treated with one of the following antibody preparations:
(a) Antisera raised in guinea pig against total reconstituted bovine hoof prekeratin (26) (27) (28) .
(b) Specific antibodies prepared from these sera by immunoaffinity chromatography on prekeratin covalently bound to Sepharose 4B (for method see reference 78; cf. references 20, 24, and 27) . The reconstituted prekeratin from bovine hoof used as affinity adsorbent is shown in Fig . 1 a . (c) Antisera against the five major polypeptides of desmosome-associated tonofilaments from bovine muzzle (13) separated by SDS polyacrylamide gel electrophoresis (Fig . I b, slot  1) . The protein was eluted from the excised gel slices and used as antigen (for methods, see below) . Immunization was essentially as described in references 24 and 28.
(d) Antisera raised in guinea pigs against each of the five major polypeptides of desmosome-attached tonofilaments (for preparation see Fig . I b) , which were separated and prepared as previously described (20) . The specificity of the antibodies is shown in Fig. 1 c . (e) Antisera made in guinea pigs against chicken gizzard desmin were prepared using modifications of the procedures described by Lazarides and Hubbard (47) and Small and Sobieszek (62) . Chicken gizzard tissue was washed and minced in physiological saline buffered with 10 mM Tris-HCI, pH 7 .2, and then homogenized in l mM EDTA, 10 mM Tris-HCI, pH 7 .4, using a Polytron homogenizer (Kinematica, Lucerne, Switzerland) before centrifugation for 30 min at 3,500 g in a laboratory centrifuge. The pellet obtained was rehomogenized in the same medium and again centrifuged. The pelleted material was extracted for 1 h in cold (4°C) l M KCI, 10 mM Tris-HCI, pH 7 .4, with gentle stirring. The pellet obtained after a further centrifugation was resuspended in 0 .6 M KI (10 mM Tris-HCI, pH 7 .4), briefly homogenized, and extracted with stirring for 60 min. The suspension was then centrifuged, and the pellet was washed by 30-min incubation in 1 mM EDTA, 10 mM Tris-HCI, pH 7 .4, and centrifugation . The pellet was resuspended in 10 mM sodium phosphate buffer, pH 7 .4, and again centrifuged . The major polypeptides seen in this preparation after electrophoresis on SDS polyacrylamide gels (for method, see reference 28) are shown in Fig. 2 (slots 2 and 7) . The major band at a position corresponding to an apparent mol wt of 53,000 was excised using fluorescamine-labeled protein in the outer slots to monitor the exact position. The excised gel pieces were then cut into small (-10-mm') blocks, incubated in the 50 mM barbital buffer used by Blomberg et al . (7) that contained 0.1% SDS and I% mercaptoethanol, and eluted overnight with gentle stirring . The eluate was collected first by pipetting and then as the supemate of a 15-min centrifugation at -3,500 g. The pooled extracts were then filtered through regenerated cellulose (0 .45-Pin mesh size; Sartorius, Gottingen, W . Germany). Protein was precipitated by the addition of 9 vol of acetone, kept in the cold for 6-12 h, pelleted, and dried under nitrogen . This protein appeared, on gel electrophoresis, as a pure, homogeneous polypeptide band of 53,000 mol wt (Fig. 2, slot 3) . Desmin from porcine uterus smooth muscle tissue, which was similarly extracted and prepared, comigrated on gel electrophoresis with gizzard desmin (Fig . 2 , slots 6 and 9; cf. reference 24) . Immunization was as described for prekeratin (28) . In some experiments, desmin was cross-linked before immunization with 0 .1% glutaraldehyde for 20 min at 4°C followed by 24-h dialysis against phosphate-buffered saline (PBS) . Antibodies obtained against cross-linked desmin, however, were not different from those obtained from noncrosslinked desmin . In particular, desmin antibodies that cross-reacted between avian and mammalian desmin could be produced by either procedure.
Some antisera to gizzard desmin showed specificity for avian desmin similar to the rabbit antibody preparations described by Lazarides and co-workers (44) (45) (46) (47) and the group of Holtzer (6, 16) . However, in several of our guinea pig antisera to gizzard desmin, we could demonstrate a strong cross-reaction between avian desmin and mammalian desmin by immunodiffusion with desmin purified from chicken gizzard and porcine uterus smooth FIGURE l SDS polyacrylamide gel electrophoresis of the polypeptides of reconstituted bovine hoof prekeratin as used for immunization in guinea pigs and as affinity adsorbent in the preparation of monospecific antibodies to hoof prekeratin (a) and of desmosome-tonofilament protein from bovine muzzle (b, slot 1) and individual polypeptides excised therefrom, eluted and reelectrophoresed (b, slots 2-6 ; note that band 4 material, seen in slot 5, contains a minor contamination of band 5 material) . c shows an immunoreplica that contained different antibody preparations to prekeratin preparations. Antibodies against muzzle prekeratin are of two kinds : antibodies to total prekeratin and antibodies against individual prekeratin polypeptide bands that react with several or all bands (c, slot 1); some of the antibody preparations to individual polypeptides react with the specific polypeptide band only . c, slot 2, shows the immunoprecipitate obtained with the same material as shown in c, slot 1, with an antiserum to the excised and purified material of band 1 (shown in b, slot 2). muscle tissue (not shown here) and, specific for the desmin band, by agarose immunoreplica techniques (Fig. 2 Antisera against chicken gizzard desmin used in immunofluorescence microscopy on frozen sections of various tissues of chick, rat, and cow exhibited muscle specificity (Fig. 3) . In cardiac tissue, Z-band equivalents were moderately stained, and intercalated disks were strongly stained (Fig. 3 a-c ; cf. reference 47) . In cross-striated skeletal muscle, typical Z-line staining (Fig.  3 d-J) similar to that described in avian tissue by Lazarides and co-workers (45-47) was seen. Smooth muscle in general was strongly decorated, often revealing the longitudinal orientation of most of the desmin-containing fibril structures in the smooth muscle cells ( Fig . 3g and h ; cf. reference 47) . Thus, the desmin antisera described here confirm the findings of Lazarides and coworkers in avian muscle (44) (45) (46) (47) , but they also allow examination of mammalian muscle, probably due to a determinant conserved during evolution. FRANKE ET AL . FIGURE 2 SDS polyacrylamide gel electrophoresis of cytoskeletal preparations from chicken gizzard (slots 2 and 7) and porcine uterus smooth muscle tissue (slots 5 and 8) compared with reference proteins (slot 1), purified desmin from chicken gizzard (slot 3) and porcine uterus (slot 9), murine vimentin (slot 4) and a mixture of purified vimentin and porcine desmin (slot 6), and agarose immunoreplicas of gels containing cytoskeletal proteins from chicken gizzard (slot 10) and porcine uterus smooth muscle tissue (slot 11) using guinea pig antisera against chicken gizzard desmin. Reference proteins in slot 1 are, from top to bottom, phosphorylase a, bovine serum albumin, rabbit skeletal muscle actin, and chymotrypsinogen. Note the enrichment of a polypeptide band (apparent mol wt 53,000), i.e., desmin, which is clearly of higher electrophoretic mobility than marine vimentin (apparent mol wt 57,000 ; slots 4-6; cf. reference 24) . Note that some small amounts of vimentin are also found in cytoskeletal preparations from muscle tissue (e .g ., slot 5), probably contaminating material from elements of connective tissue or blood vessels (25) . Note that cytoskeletal preparations of gizzard and uterine smooth muscle after repeated extractions with high salt buffers still contain a significant amount of actin (39; the preparations shown in slots 7 and 8 have been extracted in high salt buffer one more time than those shown in slots 2 and 5) . When the antibodies against chicken gizzard desmin (see Materials and Methods) are used in the agarose immunoreplica technique it can be demonstrated that an immunoprecipitate is formed only with desmin : slots 10 and 11 present the agarose immunoreplicas of slots parallel to and containing the same proteins as slots 7 and 8. The agarose overlay gel has been photographed after extensive washing (4 d) and Coomassie Blue staining (for details of preparation, see reference 25). This demonstrates immunological relatedness of mammalian and avian desmin and suggests, when seen together with published data (6, 16, 44, 45) , that desmin contains some sequences highly conserved during evolution, as opposed to others which are different in birds and mammals (45) .
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THE JOURNAL OF CELL BIOLOGY " VOLUME 84, 1980 (/) Immunoglobulins were prepared from the guinea pig antisera against chicken gizzard desmin described under (e) by ammonium sulfate precipitation followed by exhaustive dialyses against distilled water, sodium acetate buffer (0 .05 M sodium acetate adjusted with acetic acid to pH 5.0), and PBS, and passage over diethylamino ethyl cellulose . Monospecific antibodies were obtained by chromatography on desmin covalently bound to CN-Br Sepharose 4B using either of the solutions previously described at low pH (78) or in PBS that contained 4 M MgC1Z. The purified gizzard desmin used as affinity adsorbent is shown in Fig. 4a . Specificity andcross-species reactivity ofmonospecific antibody preparations were examined by immunoreplica tests and immunofluorescence microscopy ( Fig . 4bf) .
(g) Antisera raised in guinea pigs against murine vimentin purified from mouse 3T3 cytoskeletons (24) were used directly, or specific antibodies made from these sera by immunoaffinity chromatography were used (see Fig. 10 ). Extensive documentation of the specificity and cross-species reactivity has been presented elsewhere (25, 27) .
(h) Two different rabbit antibody preparations against actin were used (42, 79), and monospecific antibodies made therefrom were as described (42) .
For controls, specific preimmunization sera were used.
Indirect Immunofluorescence Microscopy
Procedures used followed those developed by Lazarides and Weber (48), using modifications described for cryostat sections (cf. references 10, 20, 23, and 24). Briefly, sections cut at temperatures between -20°and -30°C were usually fixed for 30 min in 95% ethanol at 4°C or were air-dried and fixed in acetone at -20°C for 15 min. FITC-labeled goat antibodies against rabbit IgG and rabbit antibodies against guinea pig IgG were used as second antibodies (Miles-Yeda Co ., Frankfurt, W. Germany). For control of immunospecificity, antibodies were applied in some experiments in PBS containing 100 MM MgCh, followed by two washes in this buffer, before application of the second antibodies. Microscopy was as described (cf. reference 77).
RESULTS
Electron Microscopy
Our electron microscopic observations on myoepithelial cells of lactating mammary gland of rat and cow confirm and extend observations by previous authors (33, 37, 43, 53-57, 61, 69, 74) . The central part of the myoepithelial cells, which contains the nucleus, is characteristically located in angular niches interspersed between the basal portions of secretory epithelial cells (a typical position is shown in Fig . 5 ). Large cytoplasmic extensions project from this region, and the tentaclelike processes of adjacent myoepithelial cells are in intimate contact with one another, and, thus, form a "basket" of myoepithelial cell strands surrounding the entire alveolus (see above references for details) . The epithelial layer containing the myoepithelial cells is separated from the mesenchymal space by the basal lamina (Fig . 5 a and b) , and hemidesmosomes with attached tonofibril-like bundles of FIGURE 4 Monospecific antibodies to chicken gizzard desmin (a, SDS polyacrylamide gel electrophoresis showing the purity of the protein coupled to Sepharose as affinity adsorbent; b, immunoreplica showing the crossreaction of the affinity-purified antibodies to avian desmin with mammalian desmin, using the same porcine uterus smooth muscle material as shown in Fig. 2, slot 8 ) stain Z lines in frozen sections of rat leg muscle (c), which is not seen with monospecific antibodies to total bovine hoof prekeratin (d). Monospecific antibodies to desmin also stain intercalated disks and Z lines of rat cardiac muscle (e) and smooth muscle cells of the lamina propria of villi of the rat intestine (f). Bars, 20 pin.
intermediate-sized filaments are common (Fig. 5 b ; cf. references 1, 53-57, 69, 74, and 75). Myoepithelial cells are interconnected by tight junctions, fasciae adhaerentes, gapjunctions (not shown here but see references 53 and 69) , and by typical desmosomes with attached tonofibrils (Fig. 6 a; cf. 638 THE JOURNAL OF CELL BIOLOGY " VOLUME 84, 1980 references 53-57, 69, and 75). The occurrence of intermyoepithelial desmosomes in fully lactating rat mammary gland alveoli is of special significance because, in this and other rodent species, typical desmosomes with associated tonofibrils are not maintained during lactation (53-59; observed also in this study for the rat; however, see also reference 33), in contrast to other species such as the cow (81) . Interestingly, typical symmetric desmosomes are consistently observed between myoepithelial cells and secretory epithelial cells; these desmosomes would, therefore, seem to be an exception to the principle that typical desmosomes disappear in lactating secretory epithelial cells of rodents.
In myoepithelial cells, the occurrence of densely stained and densely fasciated bundles of tonofilaments does not seem to be confined to desmosomeattached tonofibrils but is seen, to variable degrees, throughout the cytoplasm. In the lactating cow, the density of such bundles is often as high as in true keratinizing epithelia (Fig . 6 c; cf. reference 81). These bundles of intermediate-sized filaments also extend into the numerous, often extremely attenuated cell processes (Fig. 4c ) and may contribute to the mechanical stability of the organization of the basket of normal myoepithelial cells (regarding isolated myoepithelial cells, see also reference 61). They are also found in the basal feetlike projections of myoepithelial proliferates present in fibroadenomas (1), in mammary gland involution (43, 56, 57) , and in hormone-induced myoepithelial hyperplasia and dedifferentiation (69) .
Most of the cytoplasm of myoepithelial cells is occupied by extended masses of densely interwoven filaments, the majority of which seem to be myofilaments, that are oriented parallel to the longitudinal axis of the cells (for a survey, see Fig.  7 a) . These myofilament masses also extend into the numerous fine cell processes. Within these filamentous aggregates, one recognizes both thin filaments of 5-6-run diameter, identified as myofilaments that are similar to those observed in, for example, smooth muscle ( Fig. 7 b and c; cf. references 2, 15, 30, 36, 37, 43, 54, 56, and 57), and numerous filaments of 7-11-nm diameter identified as intermediate-sized filaments (Figs. 6 b and 7 6 and c) . These intermediate filaments, which in their structure and mode of arrangement resemble the 10-nm filaments of smooth muscle, form a loose meshwork and most often show orientations parallel to those of the myofilaments (Fig . 7 a-c) . They also seem to converge upon, and be attached to, characteristic and conspicuous dense bodies ( Fig . 7 ; cf. references 37, 43, 56, 57, 69, and 75 ) that strongly resemble the dense bodies observed in smooth muscle cells (cf. references 11, 60, 62, 64, 76) . In the cell periphery, at the side oriented toward the lamina propria, these intermediatesized filaments often appear to be anchored at specific surface membrane-attached dense bodies (Fig . 7c) or at typical hemidesmosomal plaques (Figs. 5 b ; see above) . At higher magnification, two forms of lateral association of intermediate-sized filaments present in myoepithelial cells can be distinguished, i.e ., relatively loosely and very tightly fasciated bundles (for a comparison, see the two inserts in Fig . 6 c) The periphery of the myoepithelial cells, especially on the side facing the basal lamina, shows numerous, small, apparently uncoated plasma membrane "caveolae" or peripheral vesicles (Fig .  7 a and c) . This organization, which is often taken as an indication of intensive endocytosis (cf. references 37, 43, 54, 57, 69, and 75), is also well known in endothelial and muscle cells (for references, see references 23, 25, 31, 64, and 73) .
In the modified sweat glands of bovine muzzle and in the salivary glands of rats, the organization of filaments, dense bodies, desmosomes, and hemidesmosomes is essentially similar to that described for mammary gland . The ultrastructure of sweat gland myoepithelial cells has been amply described in the literature (for reviews, see references 14 and 51) . The specific organization of the modified sweat glands present in bovine muzzle skin differs, however, from that of other sweat glands in that there are very few "clear cells" but large numbers of typical mucoid "dark cells ." The dark cells are characterized by well-developed, ergastoplasm-like stacked cistemae of rough endoplasmic reticulum and masses of large (0 .5-3-I.m) secretory vesicles containing an intensely stained, proteinaceous granule . In fact, the overall fine structure of the dark cells of mucoid sweat glands of bovine muzzle closely resembles that described 642 THE JOURNAL OF CELL BIOLOGY " VOLUME 84, 1980
by Fortney (18) for those of the glabrous skin of the foot and toe pads of the opossum . The ultrastructure of endpieces and duct intercepts of the submaxillary gland of the rat and other mammals has been described in detail in the literature, including special descriptions of the myoepithelial components (32, 59, 72, 80) .
Immunofluorescence Microscopy MAMMARY GLAND: When frozen sections of lactating rat or cow mammary gland are examined by immunofluorescence microscopy using antisera and monospecific antibodies to actin, a strong and preferential staining of the myoepithelial cells is observed (Fig . 8 ) . This abundance of actin in myoepithelial cells, especially in comparison with the adjacent milk secretory cells, is in agreement with previous reports regarding mammary glands and other myoepithelia-containing glands (2, 12, 15, 30) . This immunofluorescence microscopy with actin antibodies is a useful technique to specifically stain the myoepithelial cells, which can be traced in both longitudinal (Fig. 8 a) and cross ( Fig. 8 b) sections through gland alveoli . The typical basket organization of the meshwork of myoepithelial cells is best revealed in sections grazing the outer alveolar surface (Fig . 8 c) . Interestingly, situations have been repeatedly observed in which the pattern of arrangement of myoepithelial cells as seen in cross sections of alveoli is rather regular and seems to correspond in adjacent alveoli (Fig. 8 b) , an unexpected and, as yet, unexplained detail of alveolar architecture . Only at higher concentrations of actin antibody, have we seen significant staining in gland epithelial cells, in particular along the lateral walls . The preservation of the milk secretory cells and the accessibility of the immunoglobulins to their intracellular structures have been demonstrated in control experiments routinely performed in our laboratories by immunofluorescent staining of endomembranes with antibodies to cytochrome b 5 (see micrographs in reference 10) and of intracellular secretory products with antibodies to various murine and bovine caseins (not shown here) .
Immunofluorescence microscopy using the antisera and monospecific antibodies against murine vimentin (Figs . 9a and b and 10 ) and galline desmin ( Fig. 9c and d) does not show immunospecific staining either of the milk secretory cells or of myoepithelial cells, although it should be emphasized that the antibodies against chicken Immunofluorescence microscopy of frozen sections of lactating rat mammary gland (same as in Fig. 8 ) as revealed after reaction with antibodies to vimentin (a and b) and desmin (c and d) . The antibodies to vimentin do not stain secretory epithelial and myoepithelial cells but do intensely decorate fibroblasts, capillary endothelial cells, and other cells of the mesenchymal space (a shows most fibroblasts in cross section ; b shows most fibroblasts oriented in the section in parallel to the cell axes). Antisera (c) and monospecific antibody preparations (d) against desmin, which intensely stain muscle cell structures (cf. Fig. 4 ), do not significantly decorate any of the epithelial and mesenchymal cell types contained in this gland tissue . Bars, 30 tm . FIGURE 10 Immunofluorescence microscopy of frozen sections of lactating rat mammary gland (A, alveolar lumina) using monospecific antibodies to murine vimentin (a, reference proteins in SDS polyacrylamide gel electrophoresis, from left: myosin heavy chain, phosphorylase a, bovine serum albumin, actin; b, purified vimentin from mouse 3T3 cytoskeletons used as affinity adsorbent in the preparation of monospecific antivimetin) . gizzard desmin used here show strong positive staining of mammalian muscle structures (Figs. 3  and 4) . The antibodies to vimentin specifically decorate, however, cells of the lamina propria of the alveoli, including fibroblasts and capillary endothelial cells (Figs. 9 a and b and 10 c and d ) . An indistinct background staining of myoepithelial cells was observed with some of the vimentin antibodies (e.g ., preparation GP4m as described in reference 27) but was considered not to reflect immunospecific antibody binding because it was selectively diminished when incubations were performed at elevated ionic strength (PBS, 100 mM MgC12; see Materials and Methods).
When frozen sections of rat mammary gland are examined by immunofluorescence microscopy using antibodies against prekeratin (that is, with any of the antibody preparations described under a-d in Materials and Methods), a strong and rather selective decoration of the myoepithelial cells is found (Fig . 11) . The very weak reaction in the milk secretory cells is in agreement with electron microscopic observations showing an absence of bundles of cytokeratin-like filaments and of desmosome-attached tonofibrils in the milk secretory cells of rodents (see above), which makes lactating rat and mouse mammary gland an especially useful object for demonstrating the specificity of the prekeratin-richness of the myoepithelial cells. The typical arrangements of the myoepithelial cells in interconnected meshworks surrounding the alveolar bases can be seen in Fig. 12 a and b , which presents different aspects of grazing sections to the alveolar surface, i.e., sections which include relatively large portions of such cells. At higher magnification, such grazing sections sometimes reveal densely packed fibrils containing prekeratin-like material that seem to run through the whole body of the cell forming either a meshwork structure or orienting themselves parallel to the longitudinal axis of the cell.
When frozen sections of bovine udder are examined by immunofluorescence microscopy with the antibodies mentioned above, an essentially similar result is obtained . Myoepithelial cells of udder are not specifically stained with antibodies to vimentin and desmin but are strongly decorated by antibodies to actin and prekeratin (Fig. 12 cf) . In contrast to the mammary gland tissue of rodents, however, the staining of milk secretary cells is usually more intense, and sometimes individual alveoli can be found that show a moderate positive staining of all epithelial cells with antibodies to prekeratin . This observation by immunofluorescence microscopy is in agreement with the finding that milk secretory cells to cow's udder not only maintain conspicuous desmosome-tonofibril complexes during lactation but also can show accumulation of filaments of prekeratin-like appearance, together with occasional structures resem-FIGURE I1 Immunofluorescence microscopy of lactating rat mammary gland (same preparation as in Figs. 8 and 9) showing the strong decoration of myoepithelial cells with antibodies to bovine hoof prekeratin when examined with total antisera against prekeratin (a and b) and specific antibodies to prekeratin prepared from IgG fraction by immunoaffinity chromatography (c; for details, see text). The typical regular spacing of central cell portions of myoepithelial cells is seen at higher magnification in b (arrows) . The milk secretory epithelial cells of rat show only a very weak reaction, the significance of which is not clear when compared with the nonspecific background staining seen with control sera . Bars, 30 [m. FIGURE 12 Details of the reaction of antibodies to total prekeratin from bovine hoof (a-c) and polypeptide components IV (d) and I from desmosome-attached tonofilaments of bovine muzzle (e andf) on frozen sections of lactating mammary gland of rat (a and b) and cow (c f) as seen by immunofluorescence microscopy . a and b show various forms of branching of myoepithelial cells and the intercellular connection of myoepithelialcells included in sections grazing outer alveolar surfaces, sometimes displaying the typical basket meshworks of the interconnected "myoepithelium" (a and b) . Occasionally, distinct fibrillar arrays decorated by prekeratin antibodies can be recognized in "flat-sectioned" myoepithelial cells (a and b) . Note that, in the bovine tissue, in addition to the strong staining of the myoepithelial cells, some moderate staining is sometimes seen in milk secretory cells, especially in the lateral cell cortices. e andfshow the positive reaction of myoepithelial cells to antibodies to prekeratin polypeptide component I seen in cross (e) and grazing (J) sections . Bars, 20 pm .
bling keratohyalin granules, indicative of some "keratinization" in this species, even in fully active milk secretory cells (81) .
Although similar intensities of decoration of myoepithelial cells have been seen with all the various prekeratin antibody preparations described in Materials and Methods (see also Fig.  1 a-c) , the positive decoration of myoepithelial FRANKE ET AL .
cells with antisera raised specifically against the purified band I polypeptides from desmosomeattached tonofilaments of bovine muzzle (for preparation, see Fig. 1 b and c) is especially noteworthy (Fig . 12 e and f) . In contrast to antibodies raised against the other four polypeptides, antibodies to component I, which do not cross-react with the other four polypeptides in immunoreplica tests ( Fig . 1 c, slot 2) , stain epidermal stratum spinosum and myoepithelial cells of alveoli and ducts of some glands (e .g., serous endpieces of salivary glands) but not of others (e.g., eccrine sweat glands of bovine muzzle) . Antibodies to component I also do not significantly decorate the extended cytokeratin fibril systems present in various cultured epithelial cells, including PtK and HeLa cells (cf. reference 20) .
SWEAT GLANDS : When sweat glands andmodified mucoid sweat glands of bovine muzzle are examined by immunofluorescence microscopy using the antibodies described above, results essentially the same as those for mammary gland are obtained . Myoepithelial cells in alveoli and ducts of modified sweat glands are strongly decorated by antibodies to actin (data not shown) and prekeratin ( Fig . 13) but not by antibodies to desmin and vimentin (not shown) . Besides myoepithelial cells, secretory cells, duct epithelial cells, and the epithelial cells of sebaceous glands also show a significant, though much less intensive, decoration by antibodies to prekeratin (Fig. 13a-c) . In cross sections of sweat gland alveoli, the distribution of myoepithelial cells again often displays a somewhat regular spacing of their central cell portions (Fig . 13 b) . Sections across alveoli that include large portions of myoepithelial cells (Fig. 13 c) and sections grazing alveolar surfaces (Fig . 13 d) often reveal the fibrillar suborganization of the prekeratin-positive material, which is usually oriented parallel to the myofibrillar structures.
SALIVARY GLANDS : Myoepithelial cells of the various salivary glands give identical results . In Figs . 14 and 15, immunofluorescence micrographs of one representative, the mid-portion of the submandibular gland of the rat, are shown . Fig . 14 gives a survey of this part, illustrating the density of myoepithelial cells seen after reaction with antibodies to bovine prekeratin. The regular distribution of myoepithelial elements (Fig. 14 b) and the branches of their cellular processes, which are often in contact with those of adjacent myoepithelial cells and thus form the typical basket arrays characteristic of this gland, are shown at higher 648 THE JOURNAL OF CELL BIOLOGY " VOLUME 84, 1980 magnification in Fig . 14 bf (for the typical anatomy of the myoepithelial basket of terminal portions of salivary glands, see references 3, 8, 32, 59, 72, and 80) . Not infrequently, the cellular branches and processes can be relatively thick, sometimes almost as thick as the central, i .e ., nucleus-containing, portion (Fig . 14f) . Higher magnification sometimes reveals arrays of fibrils decorated by prekeratin antibodies that are in an intricate threedimensional meshwork (Fig . 14 g ) or form parallel fibrils (Fig . 14h) . Intercalated pieces and ducts of salivary glands also contain myoepithelial cells, though they are comparatively widely spaced . The cytoplasm of these cells is again strongly decorated by antibodies to actin (not shown) and prekeratin ( Fig . 15 ac) but not by antibodies to desmin (Fig . 15 d) and vimentin (not shown here). The duct epithelial cells are also moderately well stained with antibodies to prekeratin, usually along their lateral walls but, in contrast to the myoepithelial cells, do not display internal fibrillar organization when observed at higher magnification (Fig. 15 a-c) . Again, an indistinct moderate staining of myoepithelial cells of this tissue was observed with some preparations of vimentin antibodies . But this was found to be greatly reduced in the high-salt controls for immunospecificity (see above) and was therefore considered not to be immunospecific .
DISCUSSION
Epithelial cells, including normal and transformed cells in culture, contain-or have the potential to form in certain development stages-desmosomes with attached tonofilaments as well as bundles of intermediate-sized filaments lying virtually free in the cytoplasm . The predominant and characteristic type of intermediate-sized filament in epithelial cells can be identified by its polypeptide pattern and by its reaction with antibodies to prekeratin (23, 24, 26-29; cf. reference 71) . To emphasize differences in occurrence and possibly also in function in cells which are not committed to keratinization (26, 28) , we have recently proposed the term "cytokeratin" for these prekeratin-like components which appear widely in the epithelial cells of diverse vertebrates . It is not yet clear whether maculae adhaerentes and prekeratin-like filaments are strictly limited to epithelial cells because similar structures have also been reported in cardiac muscle (for references, see references 4, 17, and 65) and in myocytes of beating chicken embryo "mini hearts" growing in vitro (35) . However, with FIGURE 13 Immunofluorescence microscopy of frozen sections through packages of modified sweat glands of bovine muzzle tissue after decoration with antibodies to bovine hoof prekeratin . a presents a survey of several terminal gland regions containing only mucoid dark cells. Note the intense and selective staining of the myoepithelial cells that is seen in a cross-sectioned alveolus in b, also demonstrating the rather regular spacing of myoepithelial cell portions along the alveolar circumference . c and d show intracellular fibril arrays in myoepithelial cells contained in a cross section of an alveolus (right part of c) and in a grazing section of the outer alveolar surface (d). Duct epithelia show occasional cells in which masses of keratinlike fibril bundles are accumulated . Such cells can be identified by electron microscopy and by immunofluorescence microscopy using antibodies to prekeratin (left part of c) . Bars, 20 pm .
immunofluorescence microscopy using antibodies to prekeratin, we have been unable to detect cytokeratin filaments or other material cross-reacting with prekeratin in myocardium, skeletal muscle, smooth muscle, or a variety of muscle-derived cells growing in culture, including myoblasts (24; W. W. Franke and E. Schmid, unpublished data). Thus, the occurrence of typical desmosome-tonofibril complexes and the presence of a massive meshwork of cytoplasmic 7-11-nm filaments decoratable with antibodies to prekeratin in the myoepithelial cells of the three types of glands described here identify these cells as true epithelial cells and distinguish them from smooth muscle cells, which they resemble very closely in their organization and contractile function (see above) .
Although our data show clearly that the cytokeratin filaments are the predominant type of intermediate-sized filaments in myoepithelial cells, we cannot exclude the presence of small amounts of other filament proteins such as desmin and vimentin, which might escape detection because they are present in amounts below the sensitivity of the method. Likewise, we cannot rule out the possibility that some of these proteins are present in a non-filamentous form not detected by the immunofluorescence procedure used. Desmin, for example, is a component of identifiable filaments in smooth muscle cells and differentiating cardiac and skeletal muscle cells but is contained in Z-line structures in mature skeletal and cardiac muscle (447) in which intermediate-sized filaments cannot be resolved (for references on exceptions in abnormal situations, see reference 4) .
The studies on differentiated myoepithelial cells also demonstrate that the potential to form a mas- sive contractile apparatus and to specialize in contractile functions is not limited to nonepithelial cells and to mesodermal derivatives, including the various true muscle cells. Localized accumulations of contractile structures containing actin and myosin have been reported in some epithelial cells and in various other cells (12, 23, 30, 58, 60, 77 ; see these references for further references). In some of these situations, the occurrence of intermediatesized filaments, putatively of a tonofilament-like character, in association with material rich in actin and myosin, has also been noted (20, 58) . The situation in myoepithelial cells appears to be different, however, because here most of the cytolasm is filled with the contractile material and the cells also contain large masses of prekeratin-containing filaments arranged in a cytoskeletal framework interspaced between the contractile filaments and the dense bodies . This structural framework of intermediate-sized filaments, although similar in ultrastructure to that present in smooth muscle cells, is composed of cytokeratins and not of desmin (for references on 10-nm filaments in muscle and on desmin, see the introduction). The mode of organization and the massive increase not only in the thin filaments (thought to be major components of the contractile apparatus) but also in the prekeratin-like intermediate filaments during myoepithelial differentiation (for example, during late gestation in mammary gland; cf. references 56 and 57) suggest that the function exerted by desmin filaments in smooth muscle is performed by intermediate-sized filaments made up of prekeratin-like proteins in myoepithelial cells. Interestingly, the cytokeratin filaments of myoepithelial cells frequently show terminal anchoring at the desmosomes and hemidesmosomes . The observations on myoepithelial cells described here leave one with an intriguing situation with regard to the compositional and functional relationships of intermediate-sized filaments in various cells. The filaments of the vimentin, desmin, cytokeratin, and neurofilament types are distinguishable by several biochemical and immunological criteria. Yet similar structures seem to be formed in smooth muscle and myoepithelial cells by different protein subunits, i.e., desmin on the one hand and prekeratin-like proteins on the other. This suggests that these proteins may represent the analogous or homologous evolutionary development of molecules to serve at least some similar functions. Perhaps the study of very primitive contractile epithelia such as those present in 65 2 THE JOURNAL OF CELL BIOLOGY -VOLUME 84, 1980 hydrozoa might help in clarifying the origin and the relationship of such structures and molecules.
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